We examine the gap in broadband access to the Internet between minority groups and white households with geographically fine data on DSL subscription. In addition to income and demographics, we also examine quality of service and competition as components of the Digital Divide. The gaps in DSL demand for blacks and Hispanics do not disappear when income, education, and other demographic variables are accounted for. However, lack of competition is an important driver of the Digital Divide for blacks. Service quality is an important determinant of demand, and is related to the DSL gap for some groups.
I. INTRODUCTION
Over the last ten years, the Internet has become integrated into the lives of many, if not most Americans. Some commentators claim that the World Wide Web and related information technologies are primary tools of economic production, civic participation, and political involvement, and define the economic, social, and political landscape (Cooper, 2002) . While views on its importance differ, and the economic impacts cannot be exactly quantified, it is clear that the Internet has transformed many spheres of modern life, particularly as broadband connection becomes more common. Always-on broadband connections allow files to be downloaded in much less time than dial-up connections, and make practical such applications as Internet telephony and streaming video. Broadband subscription in the U.S. has grown from fewer than three million lines in 1999 to over 60 million lines in 2006 ( Figure 1) , with most residential subscribers choosing either cable modem or digital subscriber line (DSL) connections. Policy concern is naturally directed toward those who are not taking part in the information revolution. A "Digital Divide" has been found in numerous studies between the computer and Internet use of whites and certain minority groups, the wealthy and the less affluent, the educated and the less schooled, and those residing in urban and rural areas.
In this paper, we examine the gap in broadband access to the Internet between minority groups, particularly black and Hispanic households, and white households.
Our choice to examine the racial aspect of the Digital Divide reflects persistent concern and debate among policy makers and analysts. Cooper (2002) argues that digitization, communications, and the Internet have transformed the global economy and that the disconnected will become "disadvantaged and disenfranchised" and fall behind in the labor market. Warren (2007) warns that a "vicious cycle" converts digital exclusion into social disadvantage, which further deepens the Digital Divide. Baynes (2006) focuses concern on blacks and Hispanics: "Another generation of African Americans and Latinos/as is poised to be left behind and remain at the bottom of the barrel, as citizens, consumers, and entrepreneurs in this new technological era." In some instances, concern over lack of broadband access for minorities has spilled from the policy to the legal arena. For example, AT&T was sued in Florida for allegedly bypassing minority neighborhoods when deploying broadband. 1 Former Federal Communications Commission (FCC) chairman Michael Powell voiced a non-alarmist counterpoint when he (infamously) referred to the Digital Divide as a "Mercedes Divide...I'd like to have one; I can't afford one." 2 Nonetheless, the FCC is charged by the Telecommunications Act of 1996 to monitor and encourage the "reasonable and timely" deployment of broadband to "all Americans". Gabel (2007) finds that the support to rural areas from the general universal service fund has not improved access to advanced telecommunications services. The FCC has the authority to add broadband to the list of services supported explicitly under federal Universal Service programs, although it has not chosen to do so. Sen. Stevens (R-Alaska), chairman of the Senate Commerce Committee for many years (and now vice-chairman) and thus an important decision maker regarding the funding of universal service, supports adding funding for broadband to the universal service fund.
The above quotations, and much other attention policymakers pay to the Digital Divide, are prompted by statistics showing gaps in Internet usage by certain minority groups. The Pew Internet and American Life Project found that in 2000, 36 percent of blacks and 44 percent of Hispanics had Internet access, compared to 50 percent of whites (Lenhart, 2000) . Official statistics from the Department of Commerce (NTIA, 2000) show similar gaps for households: 23 percent for both black and Hispanic households, versus 46 percent for white. Over time, attention has shifted from basic to broadband Internet access. The Department of Commerce (NTIA, 2000) found in the early years of broadband adoption that the subscription rate of black and Hispanic households for broadband lagged that of white households. We show broadband subscription rates from 2000 to 2006, broken out by race and ethnicity, in Figure 2 . We link two data sources in Explanations proposed in the literature for the broadband gap focus on the nexus of race, computer ownership, income, and broadband availability. Fairlie's (2004) exploration of the CPS data shows that blacks and Hispanics are less likely to have a computer in the home, which (but for little-used WebTV and web-enabled cell phones)
precludes household access to the Internet. A natural suspicion is that racial and ethnic differences in computer ownership and Internet access are due mainly to income differences. Some commentators espouse this view explicitly. Cooper (2004) finds that after controlling for income, education, and age, race is an insignificant determinant of Internet access. 4 Leigh (2003) finds a similar result for broadband access. However, several other studies find that even after using multiple regression to control for confounding factors, race remains a statistically significant predictor of Internet access (Fairlie [2004] Cooper (2004) refers to regression analysis using data from a survey discussed in Cooper (2002) . Neither article reports the actual regression results. computers at work (Krueger, 2003) and lack of friends and families who use the technology (Goolsbee and Klenow, 2002) .
The availability of broadband may also be a component of the racial Digital Divide. Baynes (2004) (and the lawsuit against AT&T) charges telecommunications providers with "electronic redlining," which he defines as the failure to provide service to minority communities, and suggests that firms may make irrational decisions based on negative stereotypes. Prieger (2003) shows that when controlling only for location, broadband is less likely to be available for blacks, Hispanics, and Native Americans. However, once demographic and socioeconomic variables are controlled for, the evidence for redlining based on black or Hispanic concentration in the community disappears. Hu and Prieger (2007) come to similar conclusions with data covering the DSL deployment decision in the same region examined in the present study. The availability of broadband is less of a determinant of the access gap over time, as broadband access has now diffused over much of the U.S. 5
We suggest and explore two additional components of the Digital Divide nexus:
quality of service and competition. Poor quality of telecommunications service in innercity areas has been proposed as an element of the broadband gap for blacks (Baynes, 2004) . We look at a different aspect of quality. The quality of DSL transmission degrades with distance from the provider's central office. We measure how far households in our data are from the central office, and thus we can control for one important quality driver that is unobserved in other studies. We also explore the impact of broadband competition on the racial gaps. Competition can increase demand by lowering prices and increasing quality, and if competition varies systematically with the socioeconomic composition of communities, then it can contribute to the Digital Divide.
We examine the demand for DSL broadband in the operating area of Ameritech, the incumbent local exchange company (LEC) in five Midwestern states. The availability of DSL and the location of subscribers are available in fine geographic detail in our data.
Given the numerous existing studies of demand for broadband, which we review in the next section, a new study must make a unique contribution to the literature. We provide three novelties. Previous demand studies are based on samples for which broadband availability cannot be known with certainty. For example, some studies determine broadband availability from survey questions asked of respondents who do not necessarily subscribe to broadband. However, more than one-sixth of Americans do not know if broadband service is available in their area (Horrigan, 2004) . DSL coverage is even less widely known, with almost one-third of one survey's respondents unsure about DSL availability . Poor measurement of this key variable could bias the results of a demand study, particularly if the measurement error is larger for disadvantaged groups, since availability may be correlated with key variables of interest.
Even among Internet users, who presumably would be better informed about the availability of broadband, there is a high (and racially differing) fraction who do not know: 24 percent of whites, 27 percent of blacks, and 43 percent of Hispanics. 6 In contrast with nearly all previous studies, our data provide us with near certainty of DSL availability. Our second novelty is an exploration of the effect of the DSL distance variable, which we show to be hugely important in demand and related to the racial gaps in access. Finally, although the primacy of competition among providers for closing the broadband gap is asserted at the highest policy levels (UNCTAD, 2005), we are not aware of empirical econometric investigation of its importance such as we pursue here.
Our study is not without its limitations. We have nothing to say about the price elasticity of demand for DSL subscription. See Rappoport (2003) for such estimates.
Ameritech offered DSL everywhere in the region for $40/month, so there is no variation available in prices. 7 We also lack household-level data on subscription to cable modem service. These limitations notwithstanding, we are able to find several important results.
Our estimations show that the gaps in DSL demand for blacks and Hispanics do not disappear when income, education, and other demographic variables are accounted for.
We also find that competition, or its lack, is an important driver of the After a review of the literature in section II, the subsequent section provides an overview of broadband technology and the data we analyze. Section IV outlines ideal and feasible empirical strategies to investigate broadband demand with the available data.
Section V presents the results, and a final section concludes.
II. LITERATURE REVIEW
Many studies on demand for broadband access to the Internet have been written over the past decade. We review main examples of previous research in this section, with particular focus on the data used and the results pertinent to the Digital Divide, restricting attention to studies using subscriber-level data. The basic information needed for any demand study are whether broadband is available to the household and whether the household subscribes. Often these data come from different sources within a single study. We organize our review by the data used for the subscription decision. There are three major types of data sources for household-level broadband subscription: official data from the CPS, commercially provided survey panels, and non-commercial survey data.
The only data provided by the U.S. government on household broadband subscription are from the Computer Use Supplements to the CPS. The Department of Commerce derives official statistics on Internet usage from the CPS data (NTIA, 2000) .
Few demand studies use the CPS data, because the location of the household cannot be determined accurately enough to ascertain whether broadband is available to the household. Stanton (2004) and Leigh (2003) nevertheless analyze the CPS data, the former finding that blacks have lower broadband demand after controlling for demographic factors, and the latter finding that race (when grouped into white and nonwhite categories) is not a significant factor. Neither study controls for broadband availability, and so it is not known whether broadband options are actually in the choice set of the household. 7 We gathered prices from current local newspaper announcements of Ameritech/SBC's DSL service in the area. In each instance a specific price was mentioned, it was $39.95 for basic DSL service.
The most widely used of the commercial datasets is from TNS Telecoms. Their
Request survey asks households whether broadband is available in their area and what form of Internet access they have, if any. Thus, from these data, researchers can determine some areas where cable modem and DSL service is available, but must rely on stated availability data (or external sources) for other areas. The TNS data are analyzed by Rappoport et al. (2003) , Crandall, Sidak, and Singer (2002) , and Kridel, Rappoport, and Taylor (2001) . While none of these examine the impact of race on demand, they all find that lower income groups are less likely to subscribe to broadband. While these studies do not always explicitly describe how availability of broadband was determined for the household, some geographic imprecision is inevitable. Rappoport et al. (2003) , for example, assume that cable modem coverage is ubiquitous in a (five digit) ZIP code area if it is available anywhere in the area, and that DSL is available ubiquitously in the local telephone serving area. Due to the irregular geography of cable serving areas and the line-length limitation on DSL provision (which we explain in section III), availability is perforce measured with error in these studies, the degree of which cannot be known.
Recall also the difficulties of relying on stated availability data mentioned in the introduction.
Another commercially provided dataset on broadband subscription, notable for its use in a study by the GAO (2006) Flamm and Chaudhuri (2007) and Chaudhuri, Flamm, and Horrigan (2005) . Both studies find that blacks are less likely to access either dialup or broadband, even after controlling for many other factors. Broadband availability is inferred from the FCC ZIP code list in the former, and not addressed in the latter.
Many other studies are also based on privately initiated surveys, often with a relatively small number of respondents (e.g., Savage and Waldman, 2005) . Some of the larger surveys (e.g., Cole, 2000) contain much interesting data about online usage, but nothing on availability. Finally, some studies such as Rappoport, Taylor, and Kridel (2003) and Goolsbee (2006) gather stated (rather than revealed) preference data from respondents. Neither of these studies focuses on race or the Digital Divide.
In conclusion, many studies find that race is an important dimension of the Digital Divide, even after holding other demographic and economic factors constant. However, others find race to be unimportant, and none of the studies examining race are immune to measurement error in a key variable, broadband availability. Furthermore, none of these studies considers the impact of distance to the central office, which can affect the quality of DSL transmission. If line length is correlated with income or race, its omission in regression analysis could bias the estimated impact of these important variables on demand. Table 1 , and we describe the data more fully below.
III. BROADBAND TECHNOLOGY AND DATA

DSL Availability Data
There are over 170,000 entries in the Ameritech DSL ZIP+4 list, which provides a lower bound for the number of DSL subscribers. ZIP+4 "areas" are not geographic areas in the strict sense, but rather a collection of addresses along a few blocks (at most) of a street. The ZIP+4 areas are, on average, much smaller than a Census block. 13 The pattern of DSL deployment can be seen by plotting the geographic centroids of the ZIP+4 areas on the list (Figure 3 ). The striking picture shows that DSL is available in a small fraction of the total geography in Ameritech's five-state region. Most deployment is in the vicinities of Chicago, Detroit, Cleveland, and Milwaukee, the most populous areas in the region. There is no DSL at all in Indiana. However, it is important to remember that we do not observe DSL deployed by incumbent phone companies other than Ameritech, and that Ameritech is not the incumbent carrier in many rural areas in these states.
As mentioned above, transmission speeds for DSL degrade beyond 2.2 line miles.
Since line miles are not available to us, we determine the geographic distance threshold from the data. Figure 4 shows that Ameritech clearly had 1.5 miles "as the crow flies" as a threshold, official or not; about 95% of customers are within that distance, and there is a sharp turn in the distribution at that distance. This distance threshold is clearly visible when taking a closer look at DSL deployment ( Figure 5 ). Accordingly, we restrict attention to households within 1.5 miles of the central office, to make sure that DSL is available. We also demonstrate that our results are not sensitive to a smaller radius of 1 We also include an indicator for high-commuting metropolitan areas, available at the Census tract level. 15 The commuting variables capture factors that may influence the demand for telecommuting, as well as serve as a proxy for rural vs. urban location. We also include variables on the time DSL has been available in the central office area and the distance from the centroid of the Census block to the central office.
Local telecommunications competition increased rapidly from the passage of the Telecommunications Act of 1996 until the telecom bust of 2000, around the time of our data. The FCC makes available a list of ZIP codes in which there is local competition. In some specifications we include a dummy for the presence of at least one competing local exchange company (CLEC) in the area. 16 The FCC data do not indicate whether the CLEC is actively offering broadband, although many of them did. We augment the CLEC data with a second variable marking observations in cities where competitive DSL is reported in an industry source to be available. 17 For a subset of observations, we also know whether cable modem service was available to households. The cable modem data cover a random sample of ZIP codes in the region 18 except for Ohio, where coverage is complete. 19
IV. METHODOLOGY
We model the decision to subscribe to broadband in a random utility framework.
The demand decision for household i is a function of the utility of the relevant options to connect to the Internet:
Utility of option k: 
If we had complete data on the availability and characteristics of all these options at the household level, then we could use multinomial probit or logit models to estimate the determinants of P ij , the probability that (1) holds so that household i in Census block j 16 The FCC's CLEC data are subject to the same criticism regarding geographic imprecision as the FCC broadband data. However, since CLECs are often located in the incumbent's central office (collocation), a CLEC in the same ZIP code as the incumbent is likely to have a similar service footprint. The exception may be in dense urban areas, where CLECs may deploy their own central offices. In such areas, however, ZIP code areas are small and the imprecision is accordingly smaller. 17 The data are from New Paradigm Resources Group, CLEC Report 2001 (data are for 2000). Data are presented by city names, which we matched to central office locations, and may be less precise than the FCC ZIP code-level data on CLEC operations. 18 These data were collected by Kevin Duffy-Deno and are described more fully in Duffy-Deno (2000) and Rappoport et al. (2003) . We gratefully acknowledge permission to use these data.
adopts DSL. Such a technique is followed by Rappoport et al. (2003) . Since we do not have household data, we instead model P j , the probability that at least one household in block j has DSL. Given P i , this probability is
where N j is the number of households in area j. Equation (2) is the probability of the complement of the compound event that no household in block j subscribes to DSL.
In this paper we use MLE based on (2) to estimate the structural parameters in P i .
To make estimation feasible, we have to confront three problems. First, we do not observe geographically detailed subscription information on cable modem usage like we do for DSL. We sidestep this problem by lumping together all non-DSL options, and set up a binary choice problem for each household: to subscribe to DSL or not. The second problem is lack of information on the number of firms in each Census block. These data are available at no finer than a five digit ZIP code level. If we aggregated up to a ZIP code area, most of the areas would have at least one DSL subscriber and there would be very little variation in the dependent variable, leading to highly imprecise estimates. We bypass this problem by tacitly assuming that all subscription is by households or businesses run out of homes. This is incorrect, but does not do gross injustice to the facts. At the time of the data, businesses accounted for only about 20% of DSL subscription. 20 The third problem is that we do not observe those elements of x that pertain to individual households. We use block level averages instead, and care should be taken when interpreting the coefficients.
With these simplifications we derive the likelihood for MLE. If ε i,DSL above is distributed standard normal, we have a probit binary choice model, and P j in (2) is
(2) 19 The cable modem data for Ohio townships are from Grubesic (2003) . We gratefully acknowledge permission to use these data. 20 Tables 1 and 3 of FCC (2007b) show that in December 1999, businesses accounted for 21% of DSL subscription; that figure had dropped to 19% by June 2000. Most businesses at the time used T-1 dedicated lines for broadband service; only 11% of business broadband lines are DSL. A caveat to the above is that the FCC data do not distinguish between residential and small business customers. where x j is the average value of the regressors in area j. The log likelihood of the data y j , where y j = 0 if none of the DSL ZIP+4's fall into Census block j and y j = 1 if at least one does, is then
The MLE was carried out in FORTRAN using the BFGS variant of the DFP algorithm with analytic derivatives, and convergence was readily attained in all models from a variety of starting values.
V. RESULTS
In Table 2 , we calculate the overall implied probability of household DSL adoption to be 6.8%. The figure is higher than the national estimate of broadband penetration for 2000 of 4% from the CPS, 21 as we expect, since our estimate is conditional on the availability of DSL, and DSL was unavailable in many areas at the time. Our estimate of 6.8% is found as the probit household probability of subscription, Φ(β 0 ), from an estimation of the structural demand equation (2) including only a constant. For a breakdown of demand by race (also in Table 2 ), we estimate the demand equation
including an exhaustive set of racial variables (white, black, Asian, and other). 22 The estimated probability of adoption for a race is then calculated as the probit household probability with the race variable set to 1 (e.g., Φ(β 0 + β black ) for blacks). Similarly, for Hispanics we repeat the exercise including only a Hispanic variable included in the estimation. We do not report the coefficient estimates from these basic regressions.
Our data show a broadband gap between whites and blacks, as in the national statistics in Figure 1 discussed above. The adoption rate for black households, 6.5%, is 17.5% lower than the rate of 7.9% for white households. The adoption rate of 4.6% for Hispanic households is 42% lower than that for white households. The estimate for Asians is surprisingly low at 0.6%. However, there are relatively few Asians living in the 21 Authors' calculation from the Current Population Survey Computer Use Supplement, August 2000. 22 Recall that since we do not have household-level observations on demographics, these variables measure the fraction of the population that falls into each racial category in the census block containing the ZIP+4 area.
Midwest (they compose 3.8% of our sample), and we suspect that the high adoption rates among Asians observed nationally in Figure 1 are driven largely by those living on the West Coast, in particular the large number of them living in proximity to Silicon Valley.
While it is interesting to note that national-level statistics can mask regional digital divides, due to the small number of Asians in our sample we do not know how representative our results are.
In our demand estimations, we investigate the determinants of the gaps we have uncovered in broadband access, paying particular attention to the nexus of race, income, and broadband availability and competition. In all estimations, the unit of observation is a Census block in an area that had access to DSL, the dependent variable is one if there is at least one subscriber in the block, and estimation is MLE based on the structural demand equation (2). We begin with Estimation 1, in which only race and ethnicity variables are included (Table 3 ). In the table, we report the marginal effect of the variable on the probability that broadband is deployed by a household, and the p-value for the hypothesis that the coefficient is zero. All variables we discuss have statistically significant coefficients at the 1% level, unless otherwise noted. The marginal effect of -1.41 (in percentage points) for black households, compared to the excluded category of white households, mirrors the broadband gap shown for blacks in Table 2 . The marginal effect for Hispanics is -2.65. The marginal effects for black and Hispanic households change little when fixed effects for the central office areas are included (Estimation 2 in Table 2 ). The fixed effects control for unobserved area characteristics, so that identification of the marginal effects comes only from within-area variation. 23 In both estimations, Asian households are much less like to subscribe to DSL. The marginal effect for "other race" is positive in Estimation 2 (and in subsequent estimations), although this effect should probably be viewed as a partial offset to the Hispanic effect, since the correlation between claiming Hispanic ethnicity and race "other" is high (ρ = 0.78). 24 Controlling for income in the estimation (Estimation 3 in Table 3 ) reduces the marginal effects in magnitude for black and Hispanic households as expected, but by a surprisingly small amount. Even though income is a significant determinant of access at the 5% level, with an implied income elasticity of 0.62, income by itself apparently explains little of the broadband gap alone. 25 When the full set of covariates is added (Estimation 4 in Table 4 ), the marginal effects for black and Hispanic households increase in magnitude. Thus, differences in income or education do not appear to be responsible for a broadband gap for these groups. The marginal effect for Asian falls in magnitude to -6.8. The income effect is modeled more flexibly than in Estimation 3, with a linear spline with breaks at the quartiles. Income is positive and significant for all but the second quartile group. 26 The income elasticities from the significant coefficients, calculated as the average in the sample, are 0.28 for incomes in the first quartile group ($0-38,750), 0.63 for incomes in the third quartile group ($51,761-68,839) , and 0.51 for the highest income group, so DSL is a normal but not a luxury good.
We also control for language and many other market characteristics in Estimation 4.
The use of a non-English language in the home increases demand for DSL by 3.5 percentage points, which is more than offset by the marginal effect of -18.6 points if the house is linguistically isolated in addition. 27 Education has an unexpected impact: those with less than a high school education have greater demand for DSL than the excluded group of high school graduates, and college graduates have less demand. This may be one area where the lack of true household-specific demographics leads to contrary results.
Larger households, males, and those working at home have greater demand. The latter marginal effect of 23.6 percentage points is particularly large, indicating that those who work from home may have strong demand for high-speed connections to ease 24 Many households confuse race with ethnicity and enter "Hispanic" or "Latino" as their race, which ends up coded as "other". 25 Income elasticity is calculated as the average elasticity in the sample. 26 Kridel, Rappoport, and Taylor (2001) also found non-monotonic impacts from income. 27 A household is "linguistically isolated" if no one speaks English as a first language or "very well" as a second language. telecommuting. Age, entering the specification in quadratic form, displays a positive impact on DSL demand over the range of age in the data.
The final variable we include in Estimation 4 is the distance of the household from the central office. We discuss the impact of distance in detail, because we know of no other demand study that has considered its effect. Distance has a large and significant effect on subscription. The marginal effect of distance is about -10 for households within a mile and -57 for households between a mile and 1.5 miles, the maximum in our data.
The variable is measured in miles, and so the implied impact of increasing the household's distance from the central office from 1 to 1.1 miles, for example, is a reduction in the probability of subscription by 5.7 percentage points. Including the distance variable also greatly improves the likelihood and the R 2 of the fit. 28
Distance to the central office is also related to the ethnic dimension of the Digital Divide. While the marginal effect for blacks does not change much if the distance variables are excluded from Estimation 4, the effect for Hispanics changes markedly.
Without the distance variables (results not reported), the marginal effect for Hispanics is estimated at only -3.8 percentage points, one-third its size (-11.7) in Estimation 4 when distance is included. The data show that Hispanics tend to live closer to the central office, so that the negative effect of distance on demand masks some of the broadband gap for Hispanics when distance is not controlled for.
The remaining unexplained demand factor is broadband competition. Other studies variously find that demand for a particular broadband technology changes when other broadband options are available (Rappoport et al., 2003) or that the number of broadband providers in an area has no discernible effect on demand (GAO, 2006) . To investigate the impact on demand for the incumbent's DSL from CLECs in the area, we add the two CLEC variables described above to Estimation 5. Because the CLEC variables do not vary within a central office area, we replace the central office fixed effects with state indicator variables. The presence of a CLEC in the central office area, which may or may not be offering DSL, reduces demand for Ameritech's DSL by 2.8 percentage points. If there is a confirmed DSL-providing CLEC in the area, demand for Ameritech's DSL falls by another 2.0 percentage points. These results are as expected if the competitors steal business from the incumbent.
Competition could have competing impacts on the DSL gaps for blacks and
Hispanics. If greater competition spurs the incumbent to provide better prices, perhaps due to equipment rebates or waiving of installation fees, 29 and if minority subscribers are more price sensitive due to lower income on average than whites, then competition could narrow or close the gap. The gap may also narrow in percentage points if equal proportions of customers of all races choose competitors' broadband over Ameritech's DSL. 30 Adding the competition variables in Estimation 5 reduces the marginal effect for blacks to -0.64 and removes statistical significance at the 5% level (p-value = 0.08). The marginal effect for Hispanics is about half of its size in Estimation 4. It appears, therefore, that the availability of competitive options for minority households is an important piece of the DSL gap. However, before drawing this conclusion, remember that not only were the CLEC variables added in Estimation 5, but the central office fixed effects were dropped. To verify that the change in the marginal effects for blacks is not driven by dropping the fixed effects, we re-ran Estimation 5 without the CLEC variables (results not reported). The marginal effect for blacks is -1.88, in the range of Estimations 1-4. Thus, the competition variables are responsible for reducing the magnitude of the marginal effect for blacks. However, without the CLEC variables, the marginal effect for Hispanics is about the same as in Estimation 5. For the Hispanic gap, then, the fixed effects appear to be responsible for the change between Estimations 4 and 5, not CLEC competition.
By dropping the fixed effects in Estimation 5, we are able to add three other variables that have little or no variation within central office areas: high commuting area, rural central office, and the time that DSL has been deployed in the central office. High commuting areas have higher demand for broadband, probably because when commutes are longer, the incentive to telecommute (and therefore the demand for fast connections) increases. 31 Rural central offices (as designated by regulators) have lower demand.
Finally, as one would expect from the evidence regarding the diffusion of consumer technology, the longer DSL has been available in the area, the more likely the household subscribes to it. This is evidence that diffusion among consumers takes time, even after supply is available.
We add the cable modem availability variable, for the subset of observations for which it is available (mostly in Ohio), in Estimation 6. This estimation includes fixed effects. As with the CLEC variables, the cable modem variable has a significant negative marginal effect (-2.4 As a final check on the results, we repeat Estimations 4 and 5 including only households within a mile of the central office. Perhaps some of the households between 1 and 1.5 miles from the CO actually do not have DSL available to them, because of excessively long loop lengths due to geographical barriers. If so, the implied gaps for black and Hispanic households may be an artifact of where they are located. However, the results for the "near" subset (not shown) are similar to those with the full sample.
The negative and significant marginal effects remain for blacks and Hispanics in Estimation 4 and for Hispanics in Estimation 5, and the effect for blacks in Estimation 5 is still not statistically significant at the 5% level.
VI. CONCLUSIONS
The empirical results indicate that race and ethnicity matter independently of other related factors such as income and education in the demand for DSL broadband Internet connection. Our findings extend earlier phenomena discovered for narrowband online 30 For example, for the sake of illustration assume that the DSL subscription rate when there is no competition is 5% for blacks and 10% for whites. If competition takes half of all customers, then the resulting DSL subscription "gap" between blacks and whites falls from 5 to 2.5 percentage points. 31 Jackson, et al., (2002) explore the connection between telecommuting and broadband, and find that teleworking did not appear to be spurring adoption of broadband en masse. We nevertheless want to measure the impact of the commuting variables on demand in our data. access to broadband. The Pew Internet Project (Lenhart et al., 2003) found that blacks and Hispanics are less likely to go online than whites, even after controlling for other demographic factors. Why does race matter independently of income, education, and area characteristics? Perhaps this question belongs more properly to sociology than economics. Survey evidence suggests reasons particular to blacks and Hispanics, including lack of time to go online, a perceived lack of relevance of online content, and less social contentment, the latter of which is a strong predictor of online access (Lenhart et al., 2003) . 32 However, some racial differences in the use of the Internet would seem to increase the demand for broadband. Blacks and Hispanics spend much more time on average than whites on entertainment activities such as downloading and listening to music online and on online gaming (Madden, 2003) , which usually require fast Internet connections to enjoy the experience. ** significant at the 5% level; *** significant at the 1% level. 
